Am. J. Physiol. 1973.-Mitochondria and "sarcoplasmic reticulum" cardiac relaxing system (CRS) were isolated from rabbit hearts that were in various stages of hypertrophy and failure induced by progressive stenosis of the ascending aorta. 3, 6, 15-17, 19, 22-24, 27, 31) h ave appeared in the literature regarding mitochondrial oxidative phosphorylation from various animal models of heart failure. Either marked decreases in mi tochondrial respiratory activity have been observed (1, 6, 16, 17, 19, 23, 31) or there has been no change compared to control activity (3, 22, 24, 27) . In a study (16) The mitochondrial sample (4.5-6.0 mg protein in 1 ml) was layered onto a 28-1111 preformed linear gradient which had been prepared at least 2 hr prior to use and cooled to 4 C. After centrifugation at 24,000 rpm in an SW 25.1 rotor (Beckman Instruments, Inc.) for 120 min, the gradients were collected on an ISCO density gradient fractionator in l-ml fractions and sucrose density determinations were made refractometrically.
Vesicles of sarcoplasmic reticulum from normal, hypertrophied, and failing rabbit hearts were isolated and SORDAHL, McCOLLUM, WOOD, AND SCHWARTZ assayed by previously described methods (8, 18) . To assure that the preparations of vesicles from control, hypertrophied, and failing heart were similar, both the 40,000 X g fraction and the second 8,700 X g fraction were resuspended in buffered 0.6 M KC1 and recentrifuged at 40,000 X g for 30 min. Both fractions were then assayed for total protein content and calcium-binding activity (18). All protein determinations were done with the use of a biuret method (10).
RESULTS

Attempts
to correlate the reduction in aortic diameter or cross section, caused by the Ameroid clip in bringing about cardiac hypertrophy, and failure yielded equivocal results. However, by dividing the increasing heart weightto-body weight ratios ((HW:BW) X 103) into groups, an interesting pattern emerged (Table 1 ). In the range from 2.0 to 3.0 X lo3 (groups 2 and 3) all the animals, with three exceptions, exhibited marked compensatory hypertrophy with no signs of congestive failure (16, 23) . In fact, from the standpoint of mitochondrial respiratory activity, the group from 2.6 to 3.0 X lo3 represented a maximal increase over control in respiratory activity (Qoz; Fig. 3B ). With two exceptions, animals in the 3.1 to 3.5 X 10" group (grouk 4, Table  1 ) were in congestive failure.
In the last two groups, hypertrophy (grow+ 5, Table  1 ) or failure (grouk S, Table  1 ) was evident. No correlation was found between the length of time the clip was on and the degree of hypertrophy or failure that developed.
(Clips were left in place up to 4 months; hypertrophy became apparent after 14 days.) Animals were defined as being in failure when they exhibited elevated left ventricular end-diastolic pressures, and an inability to increase and sustain a left intraventricular pressure of 2.5-3 times that obtained prior to total occlusion of the aorta for 15-30 set (Fig. 2C ). All the animals in failure had ascites, pleural effusion, and hepatic congestion (nutmeg liver), in addition to increased heart weight-to-body weight ratios (HW:BW). When the animals exhibited severe respiratory difficulty, they generally died 24-48 hr after its onset. Animals classified as having only cardiac hypertrophy had none of the above symptoms except increased HW:BW ratios. They were able to sustain elevated intraventricular pressures during total occlusion of the aorta (Fig. 2B ). Mitochondria isolated from hypertropliied hearts (grou/) 3, Table  1 ) had significantly increased respiratory activity ( Fig. 3B ; Qo?) compared to control preparations (Fig.  3A) . Little or no change in the efficiency of ATP produc- tion (ADP: 0) or in "tightness" of respiratory control (RCI) was observed between controls and hypertrophied hearts (Fig. 3,) A and B) . However, mitochondria isolated from failing hearts (Fig. 3C) exhibited respiratory rates (Qog) below normal values (Fig. 3A) (Fig. 4) . Preparations of mitochondria from normal hearts had a single, discrete peak (Fig.  4A) (Fig. 5, A and B) . The total uptake was diminished compared to controls (Fig. 5B) . In failingheart preparations, the rate and total uptake of calcium were markedly decreased (Fig. SC) . The simultaneous measurement of respiration in these studies revealed an interesting phenomenon. Mitochondria from failing hearts released the calcium that was accumulated, while respiration continued at its original rate (Fig. SC) . The calcium uptake in the above assays (Fig. 5) was completely respiration dependent and could be totally inhibited by respiratory inhibitors such as antimycin A or cyanide (Fig. 50) . Under the conditions used in these assays (no exogenous ATP or Mg++ present), calcium was normally released when the system became anaerobic.
In the presence of exogenous magnesium the calcium taken up was not released if an inhibitor was subsequently added or when the system became anaerobic.
The role of magnesium in modulating calcium uptake and retention is under study. Cardiac relaxing system isolated from hypertrophied and failing rabbit hearts revealed significantly decreased rates and total binding of calcium compared to control preparations (Fig. 6) . The same relative differences in calcium binding capacity were observed in the 8,700 X g vesicle fraction as in the standard (40,000 X g) vesicle fraction indicating no apparent redistribution of the vesicular membranes with hypertrophy and failure (data not shown). The binding characteristics of these fractions also were not altered by azide. Marked significant decreases in rates of binding and total uptake of calcium were found in CRS from hypertrophied and failing hearts compared to controls. No significant differences were found between CRS preparations from hypertrophied and failing hearts (Table Z) At present we cannot determine whether the changes in mitochondrial and CRS activities represent
